RAD51AP1 is a structure-specific DNA binding protein that stimulates joint molecule formation during RAD51-mediated homologous recombination.
Homologous recombination is essential for preserving genome integrity. Joining of homologous DNA molecules through strand exchange, a pivotal step in recombination, is mediated by RAD51. Here, we identify RAD51AP1 as a RAD51 accessory protein that specifically stimulates joint molecule formation through the combination of structure-specific DNA binding and physical contact with RAD51. At the cellular level, we show that RAD51AP1 is required to protect cells from the adverse effects of DNA double-strand break-inducing agents. At the biochemical level, we show that RAD51AP1 has a selective affinity for branched-DNA structures that are obligatory intermediates during joint molecule formation. Our results highlight the importance of structural transitions in DNA as control points in recombination. The affinity of RAD51AP1 for the central protein and DNA intermediates of recombination confers on it the ability to control the preservation of genome integrity at a number of critical mechanistic steps.